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SPECTROSCOPE 

AND CONFOCAL SCANNING MICROSCOPE COMPRISING THEREOF 
BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to a spectroscope that performs spectrum 
resolution of a light beam to extract a separated light beam having an arbitrary 
wavelength, and a confocal scanning microscope providing this spectroscope. 
10 Priority is claimed on Japanese Unexamined Patent Application, First 

Publication No. 2003-026043, the content of which is incorporated herein by reference. 

Description of Related Art 

Conventionally, a confocal scanning microscope is known in which an 
1 5 observation object is excited by illuminating it using a laser beam, and at the same time, 
allows fluorescence observation by displaying the fluorescent light from this observation 
object as an image (for example, refer to Japanese Unexamined Patent Application, First 
Publication No. Hei 8-43739). 

In a confocal scanning microscope, a spectroscope that extracts a separated light 
20 beam having a particular wavelength from this fluorescent light is provided for 

observation, and in terms of increasing the precision of the resolution, avoiding the 
capture of side lobes of the separated light beams having other wavelengths and the like 
in the separated light beam to be extracted is desirable. 

In order to solve this problem, a structure is used in which the shape of the small 
25 aperture that focuses the light beam (fluorescent light) before spectrum resolution is 
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square (refer, for example, to Japanese Unexamined Patent Application, First Publication 
No. 2002-502050). This will be explained using FIG. 12. 

As shown in the figure, the light beam 1 from the observation object (not 
illustrated) first passes through the small aperture 2 in which the polygonal passage hole 
5 2a is formed, and then is incident on the prism 4 after passing through the focusing 

optical system 3. Thereby, this light beam 1 is resolved into the separated light beams 5 
of various wavelengths. The resolved separated light beams 5 pass through another 
focusing optical system 6 to build up images on the dispersion plane 7. In this manner, 
in the image formed on the dispersion plane 7, side lobes are arranged in an X shape 
10 centered on the spot 8a having the highest optical intensity, and arrayed in the spectrum 
direction (in the figure, only two are illustrated for the explanation). Thereby, it 
becomes possible to extract the desired separated light beams by blocking from among 
these images those whose separated light beams do not have the necessary wavelength in 
the spectrum direction. 

15 

SUMMARY OF THE INVENTION 
A spectroscope of the present invention resolves a light beam into separated 
light beams having various wavelengths, and selects and extracts a separated light beam 
having an arbitrary wavelength from among these separated light beams. This 

20 spectroscope provides masks that limit a transmission area of each of the separated light 
beams in a spectrum direction and masks that limit the transmission area of each of the 
separated light beams in a direction perpendicular to the spectrum direction, where the 
spectrum direction denotes a direction of the arrangement of these separated light beams 
when viewed against the line of the resolved separated light beams. 

25 It is preferable that this spectroscope provides a square small aperture that 



focuses the light beam before resolution, and a direction of one of diagonals of the small 
aperture is parallel to the spectrum direction. 

It is preferable that this spectroscope provides an adjustment device that adjusts 
the relative positions of each of the masks and each of the separated light beams that 
propagates towards these masks. 

It is preferable that this spectroscope provides a reflection preventing 
constitution provided on a shielding surface on one or both of the masks on which the 
separated light beams are impinged. 

In this spectroscope, it is preferable that a shielding surface on one or both of the 
masks that is impinged by the separated light beams is slanted so as to avoid facing an 
optical device adjacent to the shielding surface. 

In this spectroscope, it is preferable that: lenses disposed in opposition are 
adjacent to the masks; and surfaces of the lenses that are opposite to the masks have a 
convex shape that is convex towards these masks. 

A confocal scanning microscope of the present invention resolves a light beam 
from an observation object into separated light beams of various wavelengths, selects a 
separated light beam having an arbitrary wavelength from among these separated light 
beams, and receives the selected separated light beam at a photodetector. This confocal 
scanning microscope provides the spectroscope in any one of the above description, 
between the light paths from the observation object towards the photodetector. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a drawing showing a first embodiment of the confocal scanning 
microscope providing a spectroscope of the present invention, and is an explanatory 
drawing showing the device arrangement along a light path. 
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FIG. 2 is a drawing showing a masking apparatus of the same spectroscope. 
The upper drawing is a frontal drawing where this masking apparatus is viewed along the 
line of the light path, and the lower drawing is an explanatory drawing for explaining the 
shape of a small aperture. 
5 FIG 3 is a drawing showing the same masking apparatus of the same 

spectroscope, and is a planar drawing viewed along the arrow A- A in FIG. 2. 

FIG. 4 is a drawing where the incident light intensity distribution is viewed on 
the cross-section B-B in FIG. 2 in the case that a square shape is used for the shape of the 
small aperture. 

10 FIG. 5 is a drawing wherein the same incident light intensity distribution is 

viewed on the cross-section C-C in FIG. 2. 

FIG. 6 is a drawing showing a second embodiment of the confocal scanning 

microscope providing a spectroscope of the present invention. The upper drawing 

shows the incident light intensity distribution when a circular shape is used for shape of 
1 5 the small aperture, and shows the distribution pattern when the masking apparatus is 

viewed along the line of a light path. The lower drawing is an explanatory drawing for 

explaining this small aperture shape. 

FIG. 7 is a drawing showing the same distribution pattern of the same 

spectroscope when viewed on the cross-section D-D in FIG. 6. 
20 FIG. 8 is a drawing showing the same distribution pattern of the same 

spectroscope when viewed on the cross-section E-E in FIG. 6. 

FIG. 9 is a drawing showing a third embodiment of a confocal scanning 

microscope providing a spectroscope of the present invention, and is an explanatory 

drawing of the essential components of the device arrangement along the light path. 
25 FIG. 1 0 is a drawing for explaining reflection preventing constitution which can 
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be preferably used for the first embodiment through the third embodiment of the confocal 
scanning microscope providing the spectroscope of the present invention, and is an 
explanatory drawing viewed on a cross-section parallel to the spectrum direction. 

FIG. 1 1 is a drawing for explaining another reflection preventing constitution 
5 which can be preferably used for the first embodiment through the third embodiment of 
the confocal scanning microscope providing the spectroscope of the present invention, 
and is an explanatory drawing viewed on a cross-section parallel to the spectrum 
direction. 

FIG. 12 is a perspective drawing for explaining a conventional spectroscope. 

10 

DETAILED DESCRIPTION OF THE INVENTION 
Each embodiment of a spectroscope of the present invention and a confocal 
scanning microscope providing the same will be explained below with reference to the 
figures. However, of course the present invention is not limited by these embodiments. 

15 First, the first embodiment of the present invention will be explained with reference to 

FIG. 1 to FIG. 5. FIG. 1 is an explanatory drawing showing a device arrangement along 
the light path of the confocal scanning microscope providing the spectroscope of the 
present invention. FIG. 2 is a drawing showing a masking apparatus of this 
spectroscope. The upper drawing is a frontal drawing where this masking apparatus is 

20 viewed along the line of a light path, and the lower drawing is an explanatory drawing 
for explaining the shape of the small aperture. FIG 3 is a drawing showing the same 
masking apparatus of this spectroscope, and is a planar drawing viewed along the arrow 
A-A in FIG. 2. FIG. 4 is a drawing in which an incident light intensity distribution is 
viewed on the cross-section B-B in FIG. 2 when a square shape is used for the shape of 

25 the small aperture. FIG. 5 is a drawing wherein the same incident light intensity 
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distribution is viewed on the cross-section C-C in FIG. 2. 

As shown in FIG. 1 , the confocal scanning microscope of the present 
embodiment provides a laser beam illumination apparatus 10 that illuminates a sample H 
(the observation object) using laser beam LI ; a spectroscope 20 that resolves a 
5 fluorescent light L2 (luminous flux) emitted from the sample H that has been illuminated 
from the laser beam LI from the laser beam illumination apparatus 10 into the separated 
light beams SI to S3 having various wavelengths, and selects separated light beam S2 
having an arbitrary wavelength from among the separated light beams SI to S3; and a 
photodetector device 30 that receives the separated light beam S2 having the wavelength 

1 0 selected by the spectroscope 20. 

The laser beam illumination apparatus 10 is formed by providing a laser beam 
source 11; a beam expander 12; a dichroic mirror 13; an X-Y scanning optical system 
(scanner) 14; a pinhole projection lens 15; and a microscope 16. In the laser beam 
illumination apparatus 10, first, a laser beam LI having a single wavelength and emitted 

15 from the laser beam source 1 1 is reflected by the dichroic mirror 13 after passing through 
the beam expander 12, and is then emitted into the X-Y scanning optical system 14. 
The laser beam LI is emitted towards the sample H after passing through the pinhole 
projection lens 15 and the microscope 16. The sample H that is illuminated by the laser 
beam L emits fluorescent light L2 towards the microscope 16. The fluorescent light L2 

20 passes through the microscope 16, the pinhole projection lens 15, and the X-Y scanning 
optical system 14, and is emitted towards the dichroic mirror 13. The dichroic mirror 
13 allows only the fluorescent light L2 to pass through towards the spectroscope 20. 

The spectroscope 20 is formed by providing a confocal optical system 21 ; a flat 
grating 22; a lens (system) 23; and a masking apparatus 24. In the spectroscope 20, the 

25 fluorescent light L2 that has passed through the dichroic mirror 13 is introduced into the 
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confocal optical system 21. In the confocal optical system 21, the introduced 
fluorescent light L2 is focused in a small aperture 21al formed in a confocal aperture 21a, 
and then is made parallel light by a single lens 21b. The small aperture 21al has a 
square shape such as a rhomboid or the like. The fluorescent light L2 that has become 
5 the parallel light is emitted to the flat grating 22, and resolved into a plurality of 

separated light beams SI to S3 of parallel light having various wavelengths (in FIG. 1, 
there are three separated light beams in order to simplify the explanation). These 
separated light beams SI to S3 propagating towards the lens (system) 23 form focal 
points Fl to F3 on the same imaginary plane such that they are separated by a 

1 0 predetermined distance . 

The masking apparatus 24 can extract the separated light beam S2 having a 
desired wavelength band and wavelength width by adjusting the position and the width 
of the transmittable region of the light, and thereby enables reception by the 
photodetector device 30. Below, the details of the masking apparatus 24 will be 

1 5 explained. In the following explanation, when viewed against each of the separated 

light beams SI to S3, the expression "spectrum direction" denotes the direction along the 
arrangement of the separated light beams SI to S3 and the expression "perpendicular 
direction" denotes the direction that is perpendicular to this spectrum direction. 

As shown in FIG. 2 and FIG. 3, the masking apparatus 24 is formed by 

20 providing a pair of variable masks 24a and 24b (masks) that limit the light path of each 
of the separated light beams SI to S3 in the spectrum direction; a pair of composite 
masks 24c and 24d (masks) that limit the same in the perpendicular direction; and an 
driving device (adjustment device; not illustrated) that adjusts the relative positions 
between the variable masks 24a and 24b and the composite masks 24c and 24d, and each 

25 of the separated light beams SI to S3 by independently positioning the variable masks 
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24a and 24b and the composite masks 24c and 24d. 

Each of the variable masks 24a and 24b can be independently moved in the 
spectrum direction (the left-to-right direction in the figure). Therefore, by moving the 
absolute positions of the variable masks 24a and 24b in the spectrum direction, it 
5 becomes possible to adjust the wavelength band of the fluorescent light received by the 
photodetector device 30. In addition, by controlling the gap wl between the variable 
masks 24a and 24b, it becomes possible to adjust the wavelength width of the fluorescent 
light received by the photodetector device 30. 

The composite masks 24c and 24d can independently move in the perpendicular 

10 direction (the top-to-bottom direction of FIG. 2) (It is possible to move both in the 
perpendicular direction while preserving the gap of the aperture portion between the 
composite masks 24c and 24d at a constant width). Therefore, by moving the absolute 
position of these variable masks 24a and 24b in the perpendicular direction, it becomes 
possible to adjust the transmission position of the fluorescent light in the perpendicular 

1 5 direction. In addition, by controlling a gap w2 between these variable masks 24a and 
24b, it becomes possible to adjust the height dimension through which the fluorescent 
light can be transmitted in the perpendicular direction. 

Therefore, by controlling the variable masks 24a and 24b and the composite 
masks 24c and 24d using the driving device, it is possible to freely adjust position and 

20 size (both the width dimension and the height dimension) of the square aperture part, 

fluorescent light having a desired wavelength band and wavelength width can be selected 
and received by the photodetector device 30, and thereby it becomes possible to block 
reliably the other fluorescent light. 

The relationship between the effects of this masking function and the shape of 

25 the small aperture 21al will be explained in the following. As described above, the 
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small aperture 21al has a square shape such as a rhomboid or the like. As shown in the 
lower part of FIG. 2, the direction of one among the diagonal lines (a diagonal line al) in 
this square and the spectrum direction are parallel to each other, and the direction of the 
other diagonal line (a diagonal line a2) and the perpendicular direction are parallel to 
5 each other. 

By adopting square shape for the shape of the small aperture 21al, the pattern of 
the side lobes produced by each of the separated light beams SI to S3 after resolution can 
be arranged in an X-shape as shown in the upper part of FIG. 2. In other words, when 
viewed on a cross-section area that is perpendicular to the separated light beams SI to S3, 

10 it is possible to arrange the separated light beams SI to S3 along two linear directions 
which are slanted in the spectrum direction and intersect each other. Therefore, it 
becomes possible to prevent the side lobes from being arranged in the spectrum direction, 
which is the direction of the arrangement of each of the focal points Fl to F3. In 
addition, at the main spot of each of the separated light beams SI to S3 (the portion 

15 having the highest optical intensity formed at the positions of each of the focal points Fl 
to F3), it is possible to reduce reliably the capture of the side lobes of the other adjacent 
separated light beams. 

By making the direction of the square of the small aperture 21al with respect to 
the spectrum direction as described above, it is possible to make the direction of the 

20 arrangement of the main spots (the portion having the highest intensity formed at the 

positions of each of the focal points Fl to F3) of each of the separated light beams SI to 
S3 be aligned with the direction of the slit formed between the composite masks 24c and 
24d. Therefore, the side lobes that would pass through the slit formed between the 
variable masks 24a and 24b can be blocked by the composite masks 24c and 24d, whose 

25 positions can similarly be adjusted in the perpendicular direction. 
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As explained above, by providing the masking apparatus 24, the spectroscope 20 
of the present embodiment can block both the main spots of the separated light beams SI 
and S3 that are not the objects of measurement and the side lobes thereof along with the 
scattered component by the variable masks 24a and 24b in the spectrum direction. 
More precisely, the optical intensity dispersion of each of the separated light beams S 1 to 
S3 in the spectrum direction is as shown in FIG. 4, and the side lobes in this direction can 
be ignored because they are extremely small. By adjusting the absolute positions and 
the relative positions of the variable masks 24a and 24b, it becomes possible to block the 
separated light beams SI and S3 by allowing only separated light beam S2, which is the 
object of measurement, to pass. 

Both of the side lobes and the scattered component in the perpendicular 
direction which try to pass through the gap between the variable masks 24a and 24b, can 
be blocked by the composite masks 24c and 24d. More precisely, the optical intensity 
distributions of each of the separated light beams SI to S3 in the perpendicular direction 
are as shown in FIG. 5. In this direction, although side lobes of the separated light 
beams SI and S3 are present, it becomes possible to block the side lobes of the separated 
light beams SI and S3 and allow only separated light beam S2, which is the object of 
measurement, to pass by adjusting the absolute positions and the relative positions of the 
composite masks 24c and 24d. 

As explained above, according to the confocal scanning microscope provided 
with the spectroscope 20 of the present embodiment, it is possible to restrict the region 
through which light can pass, in both the spectrum direction and the perpendicular 
direction. In addition, it becomes possible to suppress the mixing of the side lobes and 
scattered component into the separated light beam having the wavelength that is the 
object of measurement. Therefore, in both the spectrum direction and the perpendicular 
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direction, because it is possible to reduce the capture of the side lobes and scattered 
component, it becomes possible to attain an S/N ratio that is higher than to a 
conventional one. 

In the present embodiment, by making the small aperture 21al a square and 
5 making its inclination as described above, it is possible to limit the distribution of the 
side lobes in two linear directions, and at the same time minimize the number in the 
extended direction thereof. Furthermore, it is possible to block the side lobes based on 
knowledge of their distribution using the variable masks 24a and 24b and the composite 
masks 24c and 24d. Therefore, attainment of a higher S/N ratio becomes possible 

10 because it is possible to reduce more reliably the capture of the side lobes. 

In the present embodiment, the driving device that can adjust the absolute 
positions of the variable masks 24a and 24b and the composite masks 24c and 24d is 
provided. Therefore, even if the variable masks 24a and 24b and the composite masks 
24c and 24d become relatively misaligned with respect to the separated light beam 

1 5 having the wavelength to be extracted for some reason such as the replacement of the 
optical system in the spectroscope 20, by moving the absolute positions of the variable 
masks 24a and 24b and the composite masks 24c and 24d by using this driving device, it 
becomes possible to adjust easily the relative positions therebetween such that the 
separated light beams other than the spectrum beam S2 having the desired wavelength 

20 are blocked. Because aligning the relative positions is important, the way of the 

alignment is not only limited to moving only the position of the variable masks 24a and 
24b and the composite masks 24c and 24d sides, but can be done by moving the 
illumination positions of each of the separated light beams by adjusting both of them. 
Next, a second embodiment of a confocal scanning microscope providing a 

25 spectroscope of the present invention will be explained in the following with reference to 
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FIG. 6 to FIG. 8. In FIG. 6, the upper drawing shows the incident light intensity 
distribution when the small aperture shape has a circular shape, and shows the 
distribution pattern when the masking apparatus is viewed along the line of the light path. 
In FIG. 6, the lower drawing is an explanatory drawing for explaining this small aperture 
5 shape. FIG. 7 is a drawing showing the same distribution pattern when viewed at the 
cross-section D-D in FIG. 6. FIG. 8 is a drawing showing the same distribution pattern 
when viewed at the cross-section E-E in FIG. 6. 

In comparison to the first embodiment described above, the present embodiment 
differs in particular on the point that a circular shape is used for the small aperture 21al 
1 0 instead of the square shape. Therefore, in the following explanation, the point of 

difference with the first embodiment described above will be explained in detail, and the 
explanation of the other aspects is omitted, as they are identical to the first embodiment 
described above. 

As shown in FIG. 6, in the case that the shape of the small aperture 21al is a 
1 5 circle, the pattern of the side lobes of each of the separated light beams SI to S3 incident 
on the masking apparatus 24 form concentric circles centered on the respective focal 
point positions Fl to F3 (main spot positions). The incident intensity distributions of 
the separated light beams SI to S3 have optical intensities that are highest at the 
respective focal point positions Fl to F3, and the side lobes, whose optical intensity 
20 rapidly reduces towards the periphery, are present in the shape of concentric circles. 

In the case of the present embodiment, by providing a masking apparatus 24, it 
is possible to reduce both the main spots of the separated light beams SI and S3, which 
are not objects of measurement, and the side lobes thereof, along with the scattered 
component in the spectrum direction by blocking them with the variable masks 24a and 
25 24b. More precisely, the optical intensity distribution of each of the separated light 
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beams SI to S3 in the spectrum direction is as shown in FIG. 7, and the main spots of the 
separated light beams SI and S3 and the side lobes are arranged adjacent to the separated 
light beam S2 which is the object of measurement. By adjusting the absolute positions 
and the relative positions of the variable masks 24a and 24b, it becomes possible to block 
5 most of the separated light beams SI and S3 by allowing only the separated light beam 
S2, which is the object of measurement, to pass. 

Conventionally, it has not been possible to block side lobes and the scattered 
component in the perpendicular direction that pass through the gap between the variable 
masks 24a and 24b. In contrast, in the present embodiment, because they can be 

10 blocked by the composite masks 24c and 24d, it is possible to attain an S/N ratio higher 
than the conventional one. 

More precisely, the optical intensity distributions of each of the separated light 
beams SI to S3 in the perpendicular direction are as shown in FIG. 8. In this direction 
as well, although side lobes of the separated light beams SI and S3 are present, by 

15 adjusting the absolute positions and relative positions of the composite masks 24a and 
24b, it becomes possible to block most of the separated light beams SI and S3 by 
allowing passage of only the separated light beam S2, which is the object of 
measurement. 

In the present embodiment, as shown in FIG. 7 and FIG. 8, the side lobes of the 
20 separated light beams SI and S3 are, although only slightly, mixed into the main spot of 
the separated light beam S2. As described above, these side lobes do not cause a drastic 
deterioration of the S/N ratio because the optical intensity is rapidly reduced depending 
on the distance from the position of this main spot in the radial direction. However, in 
the case that an even higher S/N ratio is required, like the first embodiment described 
25 above, the shape of the small aperture 21al is preferably made a square. 
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Next, a third embodiment of a confocal scanning microscope providing a 
spectroscope of the present invention will be explained in the following with reference to 
FIG. 9. FIG. 9 is an explanatory drawing of a part of a device arrangement along the 
light path, and shows the light path downstream of the confocal optical system 21. 
5 The present embodiment differs from the first embodiment described above in 

particular on the point of having a structure wherein the light beam downstream of the 
confocal optical system 21 is split into light beams having a plurality of wavelength 
bands (in the figure, the case in which the light beam is divided into two beams is shown, 
but of course, it can be split into three or more beams), and these are received by a 
10 plurality of photodetector devices 43 and 44. 

The light beam (fluorescent light) that has passed though the confocal optical 
system 21 is incident on the dichroic mirror 42, the light beam having a wavelength that 
is shorter than a predetermined wavelength is reflected, and thereby the plane grating 45 
is illuminated. The light having a wavelength that is longer than a predetermined 

15 wavelength propagates to the mirror 46 after having passed through the dichroic mirror 
42, is then reflected, and thereby illuminates the plane grating 47. The separated light 
beams resolved by the plane grating 45 pass through the lens (system) 23, then only the 
desired separated light beam is allowed to pass by the masking apparatus 24, and this 
separated light beam is received by the photodetector device 43. Also, the separated 

20 light beams resolved by the plane grating 47 pass through the another lens (system) 23, 
then only the desired separated light beam is allowed to pass by the another masking 
apparatus 24, and this separated light beam is received by the photodetector device 45. 

In the present embodiment as well, by providing the masking apparatus 24 in 
front of each of the photodetector devices 43 and 44, in both the spectrum direction and 

25 the perpendicular direction, it is possible to attain a higher S/N ratio than conventionally 
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because it is possible to reduce the capture of the side lobes and scattered component. 

In addition, the masking apparatus 24 provides the above-mentioned driving 
device, and thus, for example, compensation can be easily carried out even when 
deviations in the focal point positions of each of the separated light beams occur due, for 
5 example, to the replacement of the dichroic mirror 42. 

The spectroscope 20 in the first embodiment to the third embodiment described 
above has a light trap cloth (reflection preventing constitution) attached on the shielding 
surface on both of the variable masks 24a and 24b and the composite masks 24c and 24d 
that are impinged on by each of the separated light beams SI to S3 as a measure to 
1 0 prevent the light blocked by the masking apparatus 24 from becoming a scattered 

component due to being reflected. Due to the light trap cloth, it is possible to suppress 
the light that is reflected from the shielding surface to the lens (system) 23. Thereby, it 
becomes possible to effectively stop the returning scattered component from impinging 
on the lens (system) 23. Note that instead of the light trap cloth, it is possible to treat 
1 5 the shielding surface with the application of an unpolished black coating. 

In the spectroscope 20 of the first embodiment to the third embodiment, the 
shape of the last surface (the surface facing to the shielding surface) of the lens (system) 
23 that is adjacent to the variable masks 24a and 24b and the composite masks 24c and 
24d has a convex surface that becomes convex towards the variable masks 24a and 24b 
20 and the composite masks 24c and 24d, and this also makes possible suppressing the 
reduction of the S/N ratio due to the capture of the scattered component. 

This will be explained with reference to FIG. 10. Even if the light blocked by 
the masking apparatus 24 is reflected towards the last surface of the lens (system) 23, this 
last surface has a convex shape, and thus it is possible to reflect this light so that it will 
25 not return to the masking apparatus 24. Therefore, it becomes possible to prevent the 



16 

light reflected at the lens (system) 23 (the separated light beams having other 
wavelengths, side lobes, scattered light) from being captured in the main spot of the 
separated light beam that is the object of measurement. 

Furthermore, it is possible to use, for example, the device shown in FIG. 1 1 as a 
5 device for preventing a lowering of the S/N ratio due to capturing the scattered 

component. In the case of this figure, the shielding surface (the shielding surface of the 
variable masks 24a and 24b and composite masks 24c and 24d on which each of the 
separated light beams impinge) of the masking apparatus 24 is slanted so as to avoid 
being opposed to the lens (system) 23, which is the optical system adjacent to this 

10 shielding surface. According to this structure, the light that impinges on the slanted 
shielding surface is reflected in a direction away from the lens (system) 23 that is 
adjacent to this shielding surface. According to this structure, it becomes possible to 
prevent the light (separated light beams having other wavelengths, side lobes, and the 
scattered component) blocked by the shielding surface from being reflected towards the 

1 5 emitting side of each of the separated light beams, then being reflected back, and then 
being captured in the main spots of the separated light beam that is the object of 
measurement. 

In the first embodiment through the third embodiment, these examples were 
explained for the case in which the spectroscope of the present invention is applied to a 
20 confocal scanning microscope. However, this is not limiting, and of course the 
spectroscope of the present invention can be applied to other spectroscopic uses. 

The structure, operation, and effects of the present invention can be summarized 
as follows. 

The spectroscope of the present invention uses a structure that provides a mask 
25 that limits the transmission area of each of the separated light beams in the spectrum 
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direction and a mask that limits the transmission area of each of the separated light 
beams in the perpendicular direction when viewed against each of the separated light 
beams, where the spectrum direction is the direction of the arrangement of these 
separated light beams. 

5 According to this structure, among the resolved separated light beams, both the 

main points and the side lobes of the separated light beams that are not objects of 
measurement, along with the scattered component, can be blocked by the masks that 
limit the transmission area in the spectrum direction. Furthermore, it is possible to 
block the side lobes and scattered component that try to avoid and pass through the 

10 masks in the perpendicular direction by the mask that limits the transmission area in the 
perpendicular direction. 

Therefore, from both the spectrum direction and the perpendicular direction, the 
area through which the light can be transmitted can be reduced, and thus it is possible to 
suppress the mixing of side lobes and scattered component into the separated light beam 

1 5 having the wavelength that is the object of measurement. Thereby, the effect can be 
obtained that it becomes possible to attain an S/N ratio that is higher than the 
conventional one. 

This spectroscope may adopt a constitution that it provides a square-shaped 
small aperture that focuses a light beam before resolution, and the direction of one of the 
20 diagonals of the small aperture and the spectrum direction are parallel to each other. 

In this case, because the shape of the small aperture is square, when the 
distribution of the side lobes in each of the separated light beams is viewed in a 
cross-section perpendicular to these separated light beams, they can be distributed so as 
to be slanted in the spectrum direction and arranged in two linear directions that intersect 
25 each other. Furthermore, because the direction of one of the diagonal lines of this 
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square and the spectrum direction are parallel, when viewed against the line of the light 
path of each of the separated light beams, the relative inclination of the direction of the 
arrangement of each of the separated light beams and the masks that limit the 
transmission area in the spectrum direction can be aligned. Therefore, it is possible to 
5 prevent the side lobes of the separated light beams adjacent to the separated light beam 
that is to be extracted, from being superimposed on the position of the main spot 
(positioned at the intersection point of the two straight lines formed by the side lobes) of 
the separated light beam that is to be extracted. Thereby, it is possible to reduce more 
reliably the capture of the side lobes of the other adjacent separated light beams in the 
10 main spot. 

Therefore, it is possible to limit the distribution of the side lobes to a plurality of 
directions and to minimize the number in the extended directions thereof. Furthermore, 
it is possible to block the light by using each of the masks based on the specified 
distribution of the side lobes. Thereby, it is possible to attain a higher S/N ratio because 

1 5 the capture of the side lobes can be more effectively reduced. 

This spectroscope may uses a structure that provides an adjusting device that 
adjusts the relative positions of each of the masks and the separated light beams 
propagating towards these masks. 

In this case, even if a misalignment of the relative positions of each of the masks 

20 and the separated light beam having the wavelength to be extracted occurs due to some 
reason such as replacement of the optical system or the like, by using this adjustment 
device, it is possible to compensate the relative positions therebetween such that the 
separated light beams not having the desired wavelength are appropriately blocked by 
moving one or both of the positions of the mask side and the illuminating position side of 

25 the separated light beams. 
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Therefore, even if misalignment of the relative positions of each of the masks 
and the separated light beam having the wavelength to be extracted occurs, by using this 
adjusting device, it becomes possible to adjust this misalignment easily. 

The spectroscope can also use a structure that provides a reflection preventing 
5 constitution on the shielding surface of both or one of the masks that are impinged on by 
the separated light beams. 

In this case, because the light that impinges on the reflection preventing 
constitution provided on the shielding surface is absorbed without being reflected, it is 
possible to suppress the scattered component that returns due to being reflected from the 
10 shielding surface on the incident side. 

Therefore, it is possible to prevent capture of the light (separated light beams 
having other wavelengths, side lobes, scattered component) blocked by the shielding 
surface in the main spot of the separated light beam that is the object of measurement due 
to being reflected towards the emission side of each of the separated light beams and then 
1 5 returning due to reflection. 

This spectroscope can use a structure in which the shielding surface of one or 
both of the masks that is impinged on by each of the separated light beams is slanted so 
as to avoid being opposed to the optical device adjacent to this shielding surface. 

In this case, the light that impinges on the slanted shielding surface is reflected 
20 in the direction away from the optical device adjacent to this shielding surface. Thereby, 
it is possible to suppress the scattered component that returns due to being reflected from 
the shielding surface. 

Therefore, it is possible to prevent capture of the light (separated light beams 
having other wavelengths, side lobes, scattered component) blocked by the shielding 
25 surface in the main spot of the separated light beam that is the object of measurement due 
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to being reflected towards the emission side of each of the separated light beams and then 
returning due to reflection. 

The spectroscope can use a structure in which the lenses are disposed opposite 
to the adjacent masks and the surface of the lenses opposed to the masks have a convex 
5 surface that is convex towards these masks. 

In this case, even if the light blocked by each of the masks propagates towards 
the last surface (the surface facing to each of the masks) of the lens, because the last 
surface is convex, it is possible to reflect the light so as to prevent its returning to the 
masks. 

10 Therefore, even if the light blocked and reflected by the masks propagates 

towards the lenses, because the last surface (the surface opposite to each of the masks) of 
the lens is convex, it is possible to prevent reflection such that the light returns to the 
masks. Thereby, it is possible to prevent capture of the light (separated light beams 
having other wavelengths, side lobes, scattered component) reflected by the lens in the 

15 main spot of the separated light beam that is the object of measurement. 

The confocal scanning microscope of the present invention is one that resolves a 
light beam from an object of measurement into separated light beams of various 
wavelengths, and selects and receives a separated light beam having an arbitrary 
wavelength from among these separated light beams at a photodetector, and one of the 

20 spectroscopes described above is provided between the light paths from the object of 
measurement towards the photodetector. 

According to this structure, it is possible to attain higher measurement precision 
because the spectroscope used can obtain an S/N ratio that his high in comparison to a 
conventional one. 
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